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Abstract
E-marketplaces constitute a major enabler of B2B and B2C e-commerce activities.
This paper proposes a framework for one of the central activities of e-marketplaces:
matchmaking of trading intentions lodged by market participants. The framework
identifies a core set of concepts and functions that are common to all types of mar-
ketplaces and can serve as the basis for describing the distinct styles of matchmaking
employed within various market mechanisms. A prototype implementation of the
framework based on Web services technology is presented, illustrating its ability to
be dynamically configured to meet specific market needs and its potential to serve
as a foundation for more fully-fledged e-marketplace frameworks.
Keywords: Electronic Marketplace, Trading Intention, Matchmaking, Framework,
Software Configurability
1 Introduction
The vast connectivity provided by the Internet is constantly being exploited by entities
(organisations and individuals alike) in order to locate other entities with complementary
intentions. This is especially the case in the e-commerce arena, where buyers search for
sellers (and vice-versa), service providers for service consumers, lenders for borrowers,
barterers for other barterers, etc. In particular, electronic marketplaces deployed over the
Internet provide mechanisms for traders to directly or indirectly encounter other traders
with complementary intentions [16].
Collecting and matching complementary intentions is a central function of any e-
marketplace. Accordingly, matchmaking servers or matchmaking modules within servers
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offering other functionality, are at the core of existing e-marketplaces. For instance,
business-to-business e-marketplaces such as ChemConnect.com provide matchmaking servers
where sellers’ offers are matched against buyers’ criteria. Similar services are provided by
Electronic Crossing Networks (ECN) such as Island and Instinet, by bartering sites such
as IntelliBarter.com, and even beyond the realm of e-marketplaces, by career sites such as
Monster.com.
There are many ways in which a trader can discover or can be discovered by other
traders with complementary intentions by means of a matchmaking server. For example,
a trader can simply advertise an intention, and wait until other traders with complemen-
tary intentions retrieve it and contact her directly in order to make an offer or start a
negotiation. Conversely, a trader can query an existing repository of intentions in order
to retrieve complementary intentions, and then contact the traders having lodged these
intentions. Yet another way is for a trader to subscribe to a matchmaking server in order
to receive intentions broadcasted by other traders, or conversely, a trader can broadcast
his/her intention so that it is received by all the traders which have previously registered a
potentially complementary intention. In some cases, trading intentions lodged in a match-
making server are binding, meaning that if the matchmaking server finds a match with
another trading intention, a trade can occur immediately without the need for the in-
volved traders to contact each other. This is the case for example in a Continuous Double
Auction (CDA) [5].
This paper presents a framework designed to facilitate the development and mainte-
nance of matchmaking servers for e-marketplaces. The approach adopted to design this
framework has been to identify concepts and functionality common to various types of
matchmaking servers, and to define a reference model capturing these commonalities. This
reference model consists of a set of entity types and relationships that a developer can spe-
cials and instantiate to fit the matchmaking modalities of a given e-marketplace. The
reference model is complemented by a processing model which defines the sequence of
steps that a matchmaking server follows when it receives a trading intention.
The rest of the paper is organised as follows. Section 2 describes the proposed reference
model for configurable e-marketplaces. Next, Section 3 discusses how trading intentions
are represented and processed. Section 4 discusses an implementation of the proposed
framework using Web services technologies. Section 5 compares the framework with respect
to similar efforts, and Section 6 concludes.
2 Reference model for matchmaking servers
2.1 Types of trading intentions
The proposed configurable matchmaking framework is based on a classification of trading
intentions according to three characteristics:
• Notification Mode. Whenever an incoming intention X is received by the match-
making server and matched with another existing trading intention Y, who should
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be notified that a match has occurred? The lodger of the more recent intention (i.e.
the incoming intention X)? The lodger of the existing intention (i.e. intention Y)?
Or both? The answer to this question can thus be R (for “more recent”), O (for
“older”), or RO (for both).
• Moment of Match. When should the server match an intention? Immediately
upon receipt? Later when another incoming intention matches it? Or both immedi-
ately, and if no match occurs immediately, then later when other intentions arrive?
The answer to this question can thus be I (for “immediately”), L (for “later”), or IL
(for “immediately and later”). If a match can occur later, then the trading intention
may indicate an expiry date or a validity duration.
• Bindingness. Is the trading intention binding? I.e. should a match automatically
lead to a trade)? The answer to this question can be either B (for “binding”) or NB
(for “non-binding”).
These three characteristics are orthogonal and their combination leads to 18 (3×3×2)
different types of trading intentions. For example:
• An order in a double auction can be modelled as a trading intention with the follow-
ing characteristics: Notification mode RO (both parties are notified when a match
occurs), moment of match IL (the server should try to match immediately and if
it is not possible, match later before the expiry date), and bindingness B (a match
automatically leads to a trade).
• A query is a trading intention with the following characteristics: R (only the actor
lodging the query is notified of the intentions that match this query), I (the query
is processed upon receipt and not stored), and NB (a query does not automatically
lead to a trade).
• An advertisement is a trading intention with characteristics R, L, and NB.
• A subscription is a trading intention with characteristics: O, L, and NB.
• A broadcast is a trading intention with characteristics: O, I, and NB.
An intention can be matched with several other intentions. The multiplicity of an
intention is the maximum number of times that this intention can lead to a match. If
the multiplicity of an intention is 1, it can only be matched against one other intention of
multiplicity 1. More generally, given an intention X of multiplicity N (N ≥ 1), this intention
can only be matched with intentions of multiplicity less than or equal to N. Moreover, if
X is matched with an intention Y of multiplicity M (M ≤ N), then the multiplicity of the
X becomes N −M , and the multiplicity of Y becomes zero. Conceptually, this is as if X
and Y had been matched M times, and each time their multiplicity had been reduced by
1. When the multiplicity of an intention becomes zero, the intention is said to be fulfilled
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and it can not lead to any more matches. Concretely, the multiplicity of an intention
corresponds to the maximum number of units of an item that the owner of the intention
wishes to trade. The multiplicity of an intention can have the value ∞ to indicate that it
can be matched an unbounded number of times.
2.2 Trading domains, roles, and actors
Different e-marketplaces support different interaction styles, trading intention schemas,
matchmaking functions, and clearing methods. For example, in a CDA market for com-
modities trading, traders place orders and wait for a trade to occur. Orders have a simple
schema, essentially indicating the identifier of the commodity and the bid or ask price.
Orders are matched according to the price and the time of arrival (first-come first-served),
and when a match occurs, traders are notified. On the other hand, in a bartering site (e.g.
IntelliBarter), barterers advertise the products that they have or want, and they query
the existing collection of available offers, and eventually make offers to other traders. Yet
another example is an online shopping mall (e.g. Yahoo! Shopping), sellers (i.e. merchants)
advertise their offers while buyers formulate queries.
In order to support the above variations, the proposed configurable matchmaking frame-
work compartmentalises a given marketplace into trading domains, each of which delimits
a given set of matchmaking modalities. An example of a trading domain would be a con-
tinuous double auction for trading certain (standardised) types of car spare parts. Another
trading domain, perhaps within the same marketplace, would be a classified ads system
where traders can advertise their intentions to sell/buy spare parts which cannot be traded
in the continuous double auction of standardised spare parts. Both trading domains can
run within the same matchmaking server, but they correspond to independent compart-
ment, working with different modalities. Intentions lodged in a given trading domain are
only matched against other intentions lodged in the same domain.
A trading domain supports a number of roles. At a given point in time, there are a
number of actors that are allowed to play a given role. The roles of a trading domain
determine the rights of the actors registered in that domain and the scope of the intentions
that they place. Specifically, each role is associated with one or several types of trading
intentions. When an actor lodges an intention, he/she must specify the target trading
domain, the type of the intention, and the role that the actor plays in that intention. The
matchmaking server first checks whether the actor is allowed to play the role indicated,
and if this is not the case, the intention is refused. Next, the matchmaking server checks
that the specified role is allowed to place the type of intention specified, and again, the
intention is refused if this is not the case.
Each role is associated to one or several dual roles (or complementary roles). The
intentions lodged by an actor playing a role R, can only be matched against intentions
lodged by actors playing a role dual to R. The relationship “is dual role of” is symmetric:
if R is a dual role of R′ then R′ is a dual role of R.
An actor can be authorised to play several roles. However, in a given trading intention,
an actor should indicate the role that (s)he wishes to take.
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Here below are some examples of how the concept of role defined above can be used to
model different types of marketplaces:
• In an online shopping mall, there are two roles, seller and buyer, where seller is
the dual role of buyer and vice-versa. Sellers are able to place advertisements (i.e.
intentions of type O-L-NB), and buyers can place queries (i.e. intentions of type R-
I-NB). The actors in the marketplace are thus divided into two separate sets, with
each set having different rights.
• In a double auction marketplace for commodities exchange, a single role, namely
trader, is defined and this role is the dual of itself. Traders have the right to place
orders (i.e. intentions of type RO-IL-B). Orders can be classified into bids and asks
depending on the value of a domain-specific property indicating the direction of the
trade (sell or buy), but since all traders have the right to place both bids and asks,
there is no need to define two different roles.
• In a bartering site, a single role (barterer) is defined which is the dual of itself.
Barterers can place queries and advertisements. Note that a single role (barterer)
can give the right to place two different types of intentions.
A major strength of the configurable matchmaking server is that it is able to support all
the above trading styles. In addition, it can support multiple trading styles within the same
server, since a matchmaking server can manage multiple trading domains simultaneously.
Incoming trading intentions are routed to the trading domain indicated in the intention,
and treated according to the rules of that trading domain as discussed below.
To summarise, any trading intention in the configurable matchmaking framework has
the following generic properties: trading domain, actor, role, type of intention, multiplicity,
and expiry time.
3 Representation and processing of trading intentions
3.1 Schema and syntax of trading intentions
In addition to the generic properties of a trading intention discussed above, a trading
intention has domain-specific properties. These domain-specific properties vary from one
trading domain to another. Specifically, the structure of the intentions that can be lodged
in a given trading domain is determined by the trading intention schema associated with
this domain. A trading intention schema defines the properties characterising a trading
intention. Trading intentions schemas are expressed in the Object Role Modelling (ORM)
notation [7]: a powerful conceptual data modelling language with a formal semantics and
several XML serialisations which facilitate its processing using standard XML tools. Note
that several other alternative languages could be used to express trading intention schemas,
such as UML class diagrams [15]. In the proposed configurable marketplace framework we
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have chosen ORM since it offers a comprehensive set of constructs for capturing various
types of cardinality, uniqueness, and subset constraints that, in other conceptual data
modelling languages, can only be captured indirectly or through workarounds [7].
Figure 1 provides an example of a schema for cars. The schema states that a “Car
Trading Intention” (Car TI) is a subtype of type “Trading Intention”. A Car TI must
indicate a price, a model, and a year (compulsory properties). In addition, it can optionally
specify a make, a body style, a colour, and one or several accessories. The schema also
specifies that the price and the year are positive numbers (written “nr+”), that an accessory
is identified by a code, and that a make, a model, a body style are identified by their names.
Furthermore, the schema specifies ranges of possible values for each property of a Car TI,
either in an exhaustive or in a non-exhaustive way.
Since ORM supports subtyping, it is possible to specify multiple subtypes of type
“Trading Intention” in the same schema (e.g. Car TI, Motorcycle TI, and Bicycle TI). If
multiple subtypes of type “Trading Intention” are defined in the schema associated to a
trading domain, then a given trading intention in this domain can be defined with respect to
any of these subtypes. This feature allows a designer using the configurable matchmaking
framework to capture a situation where several types of products are traded in the same
trading domain.
Given the schema of a trading domain, each trading intention in this domain is associ-
ated with a constraint over the properties of this schema. An atomic constraint is defined
as a triple (property, comparator, expression). Expressions are built using literal values,
properties defined in the schema, and the following operators:
• Arithmetic operators (+, −, ×, /). Expressions must be linear in the sense that a
property cannot be multiplied or divided by another property.
• The “dot” operator which provides access to attribute values. This allows one to write
path expressions when the schema involves tuple types such as Contact Information
or Address. An expression that involves a sequence of applications of the “dot” is
called as traversal path (e.g. contactInfo.address.streetName).
• The “includes” operator which tests for set membership.
Atomic constraints can then be combined using the logical operators “and”, “or”, and
“not”. In the example of a trading domain for cars, a trading intention lodged by a buyer
can be associated with the following domain-specific constraint:
(model = “Toyota Corolla” or model = “Nissan Pulsar”) and year > 1995
and price < 3000 and accessories includes “CD player”
This representation of trading intentions assumes that all the participants within a given
trading domain agree to use the same schema.1 In other words, a trading domain imposes
1Note however that different trading domains can use different schemas.
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Figure 1: A schema for Trading Intentions (TI) for cars in ORM.
a common structure for trading intentions, and a common designation for properties and
property values. The existence of a common schema makes it possible to clearly define
what a “match” between two intentions means (see below). On the other hand, it has the
drawback that e-marketplace participants have to accommodate their applications to use
the schema of the trading domain in which they wish to lodge intentions.
To ease the burden introduced by this restriction, the configurable marketplace sup-
ports a degree of controlled heterogeneity through the concepts of synonym and equivalent
properties. When a trading domain is created, each property in the domain’s schema can
be associated with a set of synonyms. Intentions which use a synonym of a schema prop-
erty are altered so that they use the “canonical” property name dictated by the schema.
For example, the property model above can have carModel as a synonym.
Similarly, for each property in the schema of a trading domain, the e-marketplace
provider can define a set of equivalent properties. A property p is equivalent to another
property p′ if there is a bijection from the set of possible values of p to the set of possible
values of p′ which preserves the meaning of these values for the e-marketplace provider.
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Formally, if we denote by [[x]] p the interpretation that the e-marketplace provider has of
value x for property p, then p is equivalent to p′ modulo bijection ψp→p′ iff:
[[ x]] p = [[ψp→p′(x)]] p′
For example, a trading domain can define a property length as being a synonym of
lengthInCm, and then declare that this property as equivalent to a property lengthInInches
modulo a conversion function from centimeters to inches.
3.2 Processing of trading intentions
Trading intentions are processed one by one by the matchmaking server. The contents of
an incoming trading intention are first validated with respect to the generic properties.
As discussed above, the server first checks that: (i) the actor can play the role indicated
in the trading intention; and (ii) that this role gives the right to lodge intentions of the
indicated type. If the intention passes this first validation, then the constraint specified in
the intention is then validated with respect to the corresponding schema. Specifically, the
following verifications are performed:
• The constraint is type-correct.
• The constraints involves all of the mandatory properties (e.g. the price, the model,
and the year in the “Car TI” example). Failure to do so means that the intention
cannot be matched with other intentions in the trading domain which require these
attributes to be specified.
• The constraint is consistent with the ranges of the properties defined in the schema.
• The constraint is satisfiable.
To determine satisfiability of a constraint φ, the following algorithm is applied.
Algorithm 1 Satisfiability Checking
1. Put φ in disjunctive normal form. Let φ′ be the resulting formula.
2. For each disjunct, perform the following verifications:
• For each non-numeric property (or traversal path), identify all equality (=) or
inequality (6=) atomic constraints over this property (or path), as well as nega-
tions of such atomic constraints. Use unification in order to detect the following
types of inconsistencies:
– A property (or path) that must be equal and not equal to a given value;
– A property (or path) that must be equal to two or more values.
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If an inconsistency is found, mark this disjunct as unsatisfiable and proceed with
the next disjunct.
• For each set-valued property (or path), identify all atomic constraints involving
the operator “includes” and this property (path), as well as negations of such
atomic constraints. Determine whether there is any property (path) that must
simultaneously include and not include a given element (taking into account the
equality constraints). If such an inconsistency is detected, mark this disjunct as
unsatisfiable and proceed with the next disjunct.
• Identify all atomic constraints over numeric properties (or paths). Eliminate
negations in these atomic constraints by replacing expressions such as “not (p
> e)” by “p ≤ e”, and same for other numeric comparators. Translate the
resulting disjunct into a linear program in which each of the properties/paths is
represented by a variable. Invoke a linear solver using a constant or any of the
numeric properties as the objective function. If the linear solver finds a solution,
the disjunct is marked as satisfiable.2
3. If at least one disjunct is marked as satisfiable, then the overall constraint is satisfi-
able. Furthermore, disjuncts marked as unsatisfiable can be removed.
Once validated, if the incoming intention is I or IL, it is matched against all the in-
tentions of the dual roles previously stored in the corresponding trading domain (e.g.
intentions from buyers are matched against intentions from sellers). Two intentions TI1
and TI2 (with constraints φ1 and φ2 respectively) are candidates for a match if the con-
junction of their constraints (φ1 ∧ φ2) is satisfiable, meaning that it is possible to find a
deal that satisfies both intentions. Satisfiability is determined using the algorithm above.
Once a set of candidate matches for an incoming intention is determined, if the incom-
ing intention has a bounded multiplicity, a selection function is invoked over the set of
candidate matching intentions. This function selects a subset of the candidate intentions
by taking into account the multiplicity factor. To do so, the function encodes a priori-
tisation policy, e.g. selecting the most recently lodged matches, or selecting the matches
that maximise a given criterion such as price. As a result of this selection process, one
or several matches occur. For example, in the case of a CDA, if an incoming intention
matches in price multiple existing intentions, the existing intention with the highest price
(if the incoming intention is an ask) or with the lowest price (if the incoming intention is a
bid) is selected; if after this match has occurred, the incoming intention is still not fulfilled,
it is matched against the intention with the second best price, and so on.
When a match occurs between an incoming and an existing intention, the appropriate
parties are notified taking into account the notification mode of the incoming intention.
Specifically, if the notification mode of the incoming intention is R, its lodger is notified,
if it is O, the lodger of the existing intention is notified, and if it is RO, both parties are
2Note that if any of the numeric properties (or paths) is of type integer, then an integer programming
solving method may be necessary.
9
notified. Also, the multiplicity of the matched intentions are updated. As explained in
Section 2.1, if a match occurs between intention T1 and intention T2, the multiplicity of
T1 is updated as follows:
T1.multiplicity := T1.multiplicity − min(T1.multiplicity, T2.multiplicity)
and likewise for T2. A trading intention is said to be fulfilled when its multiplicity is zero.
In particular, if the multiplicity of two matched intentions is one, their multiplicity after
the match becomes zero and they are both fulfilled.
If the moment of match of an incoming intention is L, or if it is IL and the intention
was not fulfilled in the previous step, it is timestamped with the current time and stored
in the repository of active intentions of the corresponding trading domain. Eventually,
this intention will be matched against other intentions which are received later. A stored
intention can be modified or deleted by the actor that lodged it. If an intention is not
modified or deleted, it will stay in the repository until it is fulfilled or until it expires.
4 Implementation
We have implemented a prototype of the proposed matchmaking framework. The prototype
is coded in Java and uses Web services technologies as the communication infrastructure
between the actors and the matchmaking server. E-marketplace participants (i.e. Actors)
are implemented as software agents with a form-based user interface. The matchmaking
server and the trading agents run as Web services on top of an SOAP-enabled application
server, namely Apache AXIS.3 The operations of these Web services are described in WSDL
and are advertised in UDDI registries.
Trading intentions are lodged through SOAP messages, and their contents are repre-
sented according to a predefined XML schema. This schema includes elements correspond-
ing to the generic properties of a trading intention, namely actor, role, trading domain,
trading intention type, and domain-specific constraint. The domain-specific constraint of
a trading intention is expressed in an XML syntax of the constraint definition language
presented above.
The current implementation does not consider security issues, as these are considered
to be orthogonal to the proposed matchmaking framework. Emerging standard such as
WS-Security and the Security Assertion Markup Language (SAML), in conjunction with
established protocols such as SSL and HTTPS, could be used for this purpose.
4.1 Configuration of a trading domain
A new trading domain can be created through a Web application which guides the developer
through the following configuration steps:
1. Provide configuration information to the matchmaking server:
3http://ws.apache.org/axis
10
• Unique identifier (URI) of the trading domain
• Name of the trading domain (through which the actors will refer to it)
• Description (i.e. human-readable documentation) of the trading domain
• Roles of the trading domain and for each role, its description, its dual roles, and
the types of trading intentions that the role can lodge.
• Restrictions on the multiplicity of the trading intentions in the domain (i.e.
whether the multiplicity of trading intentions should be less than a given value).
2. Upload the trading intention schema previously defined using an ORM modelling
tool such as VisioModeler4 and serialised in XML.
3. Upload the class implementing the selection function for the trading domain (not
needed if the multiplicities of the intentions in the domain are unbounded).
4. Optionally, declare synonyms for the properties in the schema.
5. Optionally, declare properties equivalent to those in the schema. For each declared
equivalence, upload a class implementing two conversion functions: one from the
external property to the schema property, and the other for the inverse.
Once a domain is created, it can start receiving trading intentions and processing them
according to the procedures discussed in the previous section.
4.2 Request and response handlers
In order to provide configurability at the level of the processing of trading intentions, the
prototype relies on the concepts of request and response handlers supported by Apache
AXIS. A handler is a software component that acts on a specific part of a SOAP message
in order to perform a pre-processing operation (request handler) or a post-processing oper-
ation (response handler), before or after a Web service is invoked. Handlers can be chained,
leading to handler chains along the lines of the “Chain of Responsibility” pattern [6]. In
other words, each handler is responsible for addressing a given application development
concern, and analyses the relevant parts of each incoming or outgoing message in order to
address this concern, before passing the (possibly modified) message to the next handler,
to the Web service, or to the client. Handlers can be global (performing tasks such as au-
thentication for all Web services located in a container) or service-specific (e.g. a handler
that performs validation for a specific Web service).
By defining his/her own handlers, an e-marketplace developer can implement ancillary
services not covered by the proposed matchmaking framework. In addition, the implemen-
tation of the matchmaking framework itself uses request and response handlers in order to
implement the notions of synonym and equivalent properties. Specifically, the implemen-
tation incorporates a request handler that takes an incoming trading intention, detects any
4http://www.orm.net
11
property declared as synonym or equivalent to a property in the target trading domain,
and performs the necessary conversion by using the conversion functions provided during
the configuration process. The reverse conversion is then performed by a response handler.
Using this approach, we have prototyped an experimental financial e-marketplace for se-
curities lending which is able to deal with two different identification schemes for financial
instruments (ISIN and CEDOL).
5 Related work
5.1 E-marketplace software frameworks
There are several existing frameworks for e-marketplace development. For example, the
Michigan AuctionBot [22] implements several types of auction-based market mechanisms
in a single parameterised platform. A given market mechanism is enabled by providing
parameter values to the platform, and choosing one among a predefined set of auction types.
Unlike our proposal, the AuctionBot does not support non-binding trading intentions, i.e. it
does not support marketplaces in which agents place advertisements and queries to retrieve
each other, and then reach their deals through point-to-point negotiations. On the other
hand, our framework does not provide direct support for certain types of auctions, such as
sealed-bid auctions or discrete double auctions, which require bulk clearing methods (i.e.
the decision on which intentions to match with which others is taken on a global basis at a
given point in time). Indeed, a limitation of our framework is that it assumes that trading
intentions are processed one-by-one as they arrive, and not in a bulk fashion at certain
points in time. In addition, our framework focuses on the matching phase, and does not
address the issue of price determination, which is one of the functions of auctions. Hence,
it can be said that our framework and the one implemented in the AuctionBot address
complementary issues.
The Global Exchange Market (GEM) [14] adopts a component-based approach, whereas
the functionalities of an e-marketplace are “unbundled” and implemented by separate
components that cooperate with one another as specified in the underlying architecture.
These components can be configured and extended in order to implement various market
mechanisms. However, enabling a given type of mechanism (other than those supported by
default) requires significant coding effort. In addition, GEM focuses on double auctions,
and does not support non-binding trading intentions.
The Kasbah system [2] promoted the idea of implementing e-marketplaces using agent
technology. Trading agents interact with each other both in a peer-to-peer way and
through e-marketplaces, in order to negotiate deals. Similar ideas have been explored
in the MAGMA system [20]. In these systems, it is in principle possible to implement any
market mechanism, but at the price of a considerable development effort. Indeed, these
systems only provide support for agent-to-agent communication and some pre-built agents
that follow predefined strategies. Hence, to enable and deploy new market mechanisms,
developers must implement the matchmaking servers and agents almost from scratch.
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Another work closely related to ours is [18] which proposes an approach to express
trading intentions based on triples consisting of an attribute name, a comparison operator
(e.g. < or >), and a literal value. In [17], this work is extended by considering the issue
of supporting arbitrary sets of roles and negotiation protocols in a single system. Unlike
our framework however, [17] does not address the issue of dealing with both binding and
non-binding negotiation protocols in a unified way.
Finally, off-the-shelf e-commerce application servers such as WebSphere Commerce
Suite Marketplace Edition [13] offer a range of modules and services that facilitate the
development of e-marketplaces, from catalogue management down to invoicing and pay-
ment. In contrast to our framework, these systems do not aim to provide parameter-driven
configurability. Instead, they provide a number of pre-built components that, just like in
GEM, need to be glued together into application programs that encode the business logic
of the e-marketplace.
5.2 Information integration in e-marketplaces
As previously discussed, information integration features are required in an e-marketplace
environment in order to support reconciliation between disparate representations, vocabu-
laries, and semantics. Below, we briefly discuss three representative XML-based integration
frameworks that can be used for this purpose, namely eCO, cXML, and RosettaNet. A
comprehensive list of XML-based integration frameworks can be found at [3] and a survey
of related technologies is provided in [12].
eCO aims at providing a means to access services regardless of the standards and
protocols each potential partner adopts. It introduces xCBL (XML Common Business
Library) to define information documents. xCBL consists of a set of XML core documents
that are used to represent common interactions among partners. It does not target vertical
industry domains. Examples of such core documents are: purchase orders, invoices, date,
time, and currencies. Partners may use and extend these documents (e.g., adding new
elements) to develop their own documents. eCO provides some flexibility in the sense that
there is no specific set of predefined document schemas. However, this may complicate
integration efforts since partners need to be aware of newly created document schemas.
Some of the core documents defined by xCBL can be instrumental in the construction of
e-marketplaces and can be used as a basis for defining trading intention schemas in the
proposed matchmaking framework.
cXML (Commerce XML) provides an XML-based schema language for describing busi-
ness documents. It targets business transactions that involve non-production Maintenance,
Repair, and Operating (MRO) goods and services. cXML defines a set of XML DTDs to
describe documents. It provides the following elements for describing product catalogs:
Supplier, Index, and Contract. The supplier element describes general information about
a supplier (e.g., address, ordering methods). The index element describes the supplier’s
inventory (e.g., product description, part numbers, classification codes). The contract el-
ement describes the negotiation agreements between a buyer and a supplier on product
attributes (e.g., price, quantity). With respect to the configurable matchmaking frame-
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work, the contract element provides a reference for defining a schema for trading domains
in areas covered by cXML.
RosettaNet is another B2B integration standard specialised in the areas of Information
Technology, Electronic Components, and Semiconductor Manufacturing. RosettaNet is
based on two dictionaries: the Business Dictionary and the Technical Dictionary. The
Business Dictionary defines vocabulary that can be used to describe business properties
(e.g. business name, address, tax identifier). An XML-based schema is used for this pur-
pose. The Technical Dictionary contains properties that can be used to describe charac-
teristics of products (e.g. computer parts). In the context of the proposed matchmaking
framework, the business and technical dictionaries can be used as a basis for defining a
schema for trading domains in the areas covered by RosettaNet.
RosettaNet further recognises the fact that the business processes governing the inter-
change of messages must be harmonised and explicitly specified. For this purpose, the
RosettaNet standard defines a number of predefined XML-based conversation protocols
called PIPs (Partner Interface Processes). A PIP essentially consists of a set of business
documents (e.g. purchase order, purchase order acknowledgment) and a set of rules for
exchanging messages containing these documents.
5.3 Rule markup languages for e-marketplaces
In the proposed matchmaking framework, the contents of trading intentions are expressed
using a simple constraint definition language. This language is restricted to equality con-
straints, linear numerical constraints, and set membership constraints. In addition, the
format of trading intentions is defined using an ad hoc XML schema.
By using this simple constraint language, we managed to validate the concepts and
functionality of the framework. However, more expressiveness and more reuse of exist-
ing software infrastructure could be achieved by using a standard rule markup language
instead of an ad hoc constraint language. Several initiatives for designing rule markup lan-
guages are (see [1] for a list), among which it is worth distinguishing OWL (Web Ontology
Language) [21] and XRML (eXtensible Rule Markup Language) [9, 8].
Trastour et al. [19] propose an architecture for business-to-business negotiation based
on DAML+OIL, a predecessor of OWL. Trading intentions in this architecture are ex-
pressed as DAML+OIL rules, and matches are determined using a subsumption algorithm.
The authors use a description logic inference engine, namely FaCT, as the core component
of their implementation. A similar approach is pursued by Di Noia et al. [4] and Li & Hor-
rocks [11], who also use DAML+OIL to express trading intentions. [4] uses the NeoClassic
inference engine at the implementation level, while [11] uses Racer. These two research
efforts show that languages based on description logics provide considerable flexibility, in
the sense that they not only allow users to find exact matches, but also potential and par-
tial matches. [11] presents experimental results showing that their implementation based
on the Racer inference engine is able to handle several hundred trading intentions simul-
taneously. However, it seems that this implementation is not able to cope with very large
collections of trading intentions (in the order of thousands or hundreds of thousands), with
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a significant number of concurrent read/write accesses. In this situation, the combination
of database access techniques with inference techniques is likely to be required.
6 Conclusion
The proposed matchmaking framework provides a promising alternative to developing
matchmaking servers for e-marketplaces from scratch. Its major strength is that it is
based on a classification of trading intentions according to three orthogonal characteris-
tics, leading to 18 different types of intentions. These types of intentions can be associated
with various roles within a trading domain, thereby allowing a wide spectrum of trad-
ing modalities to be implemented just by identifying the appropriate roles and providing
parameter values.
Application frameworks are a proven approach to facilitate rapid application devel-
opment by promoting the reuse of widely tested code [10]. The proposed matchmaking
framework can be taken as a kernel for developing a full-fledged application frameworks
for e-marketplaces. Developing such a framework however, involves addressing aspects
complementary to matchmaking such as registration, authentication, pricing (in particular
dynamic and auction-driven pricing), and interaction with backend systems for inventory
control, bookkeeping, and settlement.
The configurable matchmaking prototype has been used to develop several applications
in the area of financial trading. In particular, we have implemented a trading domain for
facilitating securities lending among trading agents, and another one for over-the-counter
options trading. The results of this experience are encouraging, and provide preliminary
evidence that the framework can help reduce development times.
The current implementation of the framework assumes that the number of trading
intentions is low enough so that the matchmaking process can take place in main memory.
In order for the matchmaking framework to scale-up to large volumes of trading intentions,
established database technology should be used. A possible way of achieving this is to define
a translation from the trading intention description language used in the matchmaking
framework, to a conventional database language (SQL).
Another avenue for improvement of the matchmaking framework is to incorporate ad-
vanced mechanisms for handling schema heterogeneity. This would allow participants to
formulate trading intentions using the ontology of their choice, rather than having to adapt
to the one imposed by a given trading domain. The application of emerging semantic web
technologies and rule markup languages (e.g. OWL and XRML) is an appealing possibility
for achieving this objective.
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